were also found in the apparent active site, which is Extensive interactions between the DNA and the prolocated on the central ␤ sheet; alanine mutagenesis tein characterize a novel recognition mechanism, studies found that His-64 is important for activity, while where three aromatic residues intercalate from the His-69 is absolutely required. The presence of the histimajor groove into the DNA to strikingly deform the dine and the usage of a structural Zn 2ϩ site near to the base pair stacking. With the presence of a cleaved active site are reminiscent of I-PpoI homing endonucle-DNA intermediate in the active center, the structure ase (Flick et al., 1998). In addition to Asp-51, the alanine of the Vsr/DNA complex provides detailed insights into scan identified Glu-25 and Asp-97 as playing important the catalytic mechanism for endonuclease activity.
Introduction match recognition and the role of the histidines in the catalytic mechanism of Vsr endonuclease, we have crysIn bacteria, mismatched base pairs generated from spontaneous damage of methylated cytosines pose a diffitallized the full-length enzyme in the presence of Mg 2ϩ and a DNA duplex containing a TG mismatch. In the cult problem for DNA repair systems. The ubiquitous MutHLS system, which uses methylation to differentiate refined structure, we can clearly observe that the DNA has been cleaved on the 5Ј side of the mismatched between template and newly synthesized strands of DNA, preferentially repairs the strand opposite to meththymidine and that the deoxyribose 3Ј oxygen has remained coordinated to one of the two Mg 2ϩ ions. Multiylation sites. In the case where the methylated cytosine spontaneously deaminates and is hydrolyzed to thyple protein-DNA interactions, including a remarkable intercalation of aromatic residues on the 3Ј side of the mine, the MutHLS system would repair the incorrect strand. This would lead not only to incorporation of a thymine, also confer the structural basis for TG mismatch recognition. mutation into the gene but also to the eventual elimination of all cytosine methylation sites.
The Vsr system is responsible for identification and Results and Discussion repair of these mismatched TG base pairs. Initially, Vsr endonuclease recognizes a TG mismatch within the duStructure Determination and General Architecture plex 5ЈCT(A/T)GG, where the second T represents the of the Complex position of the mismatch and all other bases are in stan-
The full-length E. coli Vsr endonuclease was cocrystaldard Watson-Crick base pairing, and cleaves at the 5Ј lized with Mg 2ϩ and a 12-base pair DNA duplex conside of the thymine, leaving a 5Ј phosphate and a 3Ј taining a TG mismatch and the 5-base pair recognition hydroxyl at the termini (Sohail et al., 1990 ; Hennecke et sequence. The structure was determined at 2.3 Å by al., 1991; Glä sner et al., 1995; Lieb and Bhagwat, 1996) . molecular replacement using the truncated Vsr structure Subsequently, DNA polymerase I (Dzidic and Radman, (Tsutakawa et al., 1999 ) as a search model and refined 1989) and presumably DNA ligase are involved in the to good stereochemistry and statistics (Table 1) . The final stages of repair, where fewer than 20 bases on model includes all 155 residues of the full-length protein either side of the cleavage site need be excised (Lieb, with the N-terminal methionine removed in vivo (Tsuta-1983). In addition, MutL and MutS have also been shown kawa et al., 1999), one Zn 2ϩ atom, two Mg 2ϩ atoms, and three DNA fragments (Figure 1 ).
The N terminus, which was partially removed in the ‡ To whom correspondence should be addressed (e-mail: morikawa@ beri.co.jp).
truncated structure solved previously, does not form a major groove side, with helixAA pinning down the DNA and/or endonuclease activity or whether it is merely a result of the intercalation. down from the minor groove side and leave only enough space for the phosphate backbone to pass on either Intercalation of amino acid residues in DNA duplexes has been observed in a multitude of proteins, most of side. Visually striking, the cleaved thymidine remains on one side of this intercalating door gate and separated which are involved in transcription. Generally, one to four hydrophobic residues partially insert from the minor from its covalently linked strand.
The intercalation dramatically affected geometrical groove side and are thought to be critical in bending the DNA (Werner et al., 1996) . In the TATA-box DNA/ parameters of the DNA duplex for base pairs directly on either side of the intercalation site (Dickerson, 1998).
protein complex, two sets of two phenylanine residues wedging in between stacked base pairs assist in dramatFor these two base pairs, TG and AT, the base-to-base distance ( 
